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Device for changing the polarization state of reflected, 
transmitted and diffracted light, and for achieving 
frequency and polarization sensitive transmission, reflection 
and absorption. 



Background and Introduction 

Optical structures artificially engineered on a mesoscopic level , such as photonic 
bandgap crystals [1], periodically altered dielectric materials [2,3], holey ubers [-*], 
microsculptured films [5] and composite media [6] are attracting tremendous attention 
because of their potential importance in optoelectronic technologies. They are 
collectively known as "metamaterials". 

Layered metallic micro structures could play a special role in future technology, as 
they can be manufactured on a sub-optical wavelength scale using both well- 
established microelectronics technologies [11,12], and other non-traditional 
t ^ ohninuP< , ri n To date, however, research on layered chiral metallic micro structures 
has been confined to theoretical analysis with only a few experiments having been 
nerformed in the microwave range of frequencies. In particular, designs based on 
metallic non-chiral planar split ring resonators have been.shown to exhioit irequency 
regions with simultaneously negative magnetic and electric permittivities as well as 
other intriguing and useful electromagnetic characteristics [9,10]. 

Our invention is relevant to a new group of layered planar and quasi-planar 
metamaierials based on cmral and semi-chiral structures. Although planar and quasi 

i _ _ j :_ +o,^„^+;^oi lirprofnrp mpunlv in resoect of 
planar structures nave oeen aesuriuou i±± ^x±^±^±^^ — ? ^ - - 

their properties in the microwave, their potential as optical materials has not been 
fully explored. 

What are planar chiral structures? By definition, two planar chiral objects of different 
chirality cannot be brought into congruence, unless they are liited out 01 me plane oy 
rotating by 180° about an axis in the plane of the structure [14]. Gammas, S-sha P es, 
spirals, gammadia and triskella are examples of such objects. 

i u es + G f 0 rrr knowledge, no manifestation of optical properties of ^ such 
tructurvves has been reported so far. This has never 
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In our particular implementation, gold semi-planar chiral structures were 
r . .,. - ~e ^;-«.^+.-<i,-ri+ ( => plpctron beam 
manufactured- on sdicon substrates using a cornbiu^x^ ^ ~- r *~ ..... ~ ~_ , 

u+fo^hy apd either ion beam milling or a lift-off process. We have manufactured 
two-dimensional Ratings consisting of regular square patterns of gammadions or anti- 
gammadions. We have studied a range of gratings _with different co fff^= 

o-ammactions oi various onuictuiciiati^ x^ e ^ 0 . * r 

different senses of chirality as illustrated on fig.l. A typical grating has an area of 
approximately 1.0 * 1.0 mm 2 , with a density of gammadions or oetween o*iu cm 
and 6* 10 6 . cm' 2 . " . . 




Polarization state of diffracted beams 




Fig. 2. Polarization azimuth rotation of light diffracted from a chiral grating. 
Only one row of diffracted beams (in the plane of incidence) is depicted for 
simplicity of presentation. The angles of rotation given are for gammadion 
grating with pitch of 5 jam and characteristic size of the gammadia of 2 urn. 



These gratings show a. well-defined rectangular diffraction pattern as illustrated in 
^~ ;> ^lor-iTOt-;^. r.mrierties of th e diffracted waves have been investigated at a 
wavelength of 632 nm for S and P polarizations at a 60° angle of incidence. The 
polarization state of the diffracted beams was found to be different from that of the 
incident beam. In general the diffracted beams become elliptic-ally polarized and the 
polarization azimuth rotates. Rotations in excess of 30° were seen. It should be noted 
that for S and P- incident polarizations no polarization change is expected on reflection 
fern an isotropic unstructured interface. For a. given . diffraction order the polarization, 
azimuth rotation was found to have opposite sign for samples., that only differ in. their 
handedness. On the same sample different diffraction orders show different 
polarization azimuth rotation, as illustrated in fig. 2. 
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The polarization effect is so strong that when illuminated with linearly polarized light 
and observed in a polarization sensitive reflective microscope through a circular 
p^tizer, they showed colours, which were distinctively different for samples of 
opposite chirality (see fig.3). 




Fig 3 Colours of different chiral samples illuminated with linearly polarized light 
and observed in a polarization sensitive reflective microscope through a circular 
polarizer, they showed colours, which were distinctively, different for samples of 
different chirality. Chirality changes progressively from left to right. 

We believe that these strong polarization effects result from the chirality imposed by 
the patterns of gammadions enhanced by plasmon effects due to the nanostructunng 
of the metal film in which they are cut. 

These planar chiral gratings represent a new class of metamaterials, which are easy to 
Manufacture using modern micro-fabrication techniques. They promise new 
Zlications as they should manifest unique and intriguing properties such as 
different signs of polarization rotation, when illuminated from opposite sides of the 
grating. 

A This applications, together with manufacturing techniques constitute the body of our 
w*" claims. 
^P* — r 
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Examples of planar chiral (a-d) and bilayered chiral (e) elements a)gamma, b)gammatta, c) chiral split-ring 
d) gammadion and e) bilayered element 
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Elements can be arranged regular patterns of different symmetri. 




Examples of fractal chiral designs 



Definitions: 

a) A planar object is said to be chiral in two dimensions (i.e is said to be to be a planar 
chiral element) if it cannot be brought into congruence with its mirror image (where 
the mirror is placed perpendicular to the plane of the object) by subjecting it to only a 
series of one or more lateral or rotational movements within the plane, but can only be 
brought into congruence with its mirror image if it is also rotated by 180° about an 
axis in the plane. 

b) A multi-layer arrangement of planar elements is said to be chiral if it cannot be 
brought into congruence with its mirror image (where the mirror is placed 
perpendicular to a plane parallel to layers of the object) by subjecting it to only a 
series of one or more lateral or rotational movements within the plane of the multi- 
layer object, but can only be brought into congruence with its mirror image if it is also 
rotated by 1 80° about an axis in the plane. 

c) Optical radiation is electromagnetic radiation with a wavelength in the range 
lOOnm to 10000 nm. 



Device for changing the polarization state of reflected, transmitted and 
diffracted light, and for achieving frequency and polarization sensitive 
transmission, reflection and diffraction. 

1 A device comprising of a single planar chiral element, or of a sheet containing 
planar chiral elements or multi-layered arrangements of planar chiral elements 
that are arranged or tiled in regular, irregular or fractal patterns, and made of a 
material with electromagnetic properties different from those of the supporting 
substrate or/and materials in which these elements are immersed/surrounded, 
with characteristic size of these elements being in the range from 1/10 to 10 
times the wavelength of optical radiation, and which is used to change the 
polarization state of reflected, transmitted and/or diffracted light at the said 
wavelength, or/and which is used to act as a frequency and/or polarization 
sensitive screen, reflector or absorber of light at the said wavelength. 

2. A device described in claim 1 which is used to change the polarization state of 
transmitted, diffracted or reflected light in a nonreciprocal fashion, or which is 
used to act as a nonreciprocal frequency and polarization sensitive screen, 
reflector or absorber of light. 
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3. A device described in claim 1 which acts as a polarizer for preparing the 
polarization state of incident light on a device that discriminates according to 
the polarization state and acts a non-reciprocal frequency and polarization 
sensitive screen, reflector or absorber of light. 

4. A device containing a structure described in claim 1, 2 or 3 in which light is 
coupled or de-coupled via an optical wave-guide, fibre or near- field probe. 

5. A device described in claim 1 in which functionality is enhanced by the affect 
of said elements on the chiral properties of the supporting substrate or/and 
material in which these elements are immersed. 

6. A device described in claim 1 in which functionality is enhanced by the affect 
of collective excitation of carriers (for example, plasmons) in said elements or 
in the supporting substrate or/and material in which these elements are 
immersed. 

7. A device described in claim 1 which is ready to change the perceived colours 
of light transmitted, diffracted or reflected from it when observed via a 
polarization-sensitive element. 

8. A device described in claims 1 where the chiral elements are arranged such 
that diffracted beams converge or diverge to or from a polarization state and/or 
wavelength dependent focal point to form a polarization state and/or 
wavelength sensitive energy concentrator of de-concentrator. 

9. A device described in claims 1 used for the multiplexing and/or de- 
multiplexing of optical signals by differentiating them by the direction of 
propagation, wavelength or/and polarization state. 

10. A device described in claims 1, 2 and 3 used for enforcing nonreciprocal 
operation of an optical communication line or laser, or, for protection of 
optical elements and components from unwanted radiation exposure. 

1 1. A device described in claim 1 used for hidden or secret coding of information 
with said coding being implemented in the composition of elements. 

12. A device described in claim 1 which is incorporated into a photonic bandgap 
crystal, or which is placed at the end of optical fibre or placed on a planar 
structure used for routing and/or processing optical signals. 

13. A device described in claim 1 that by incorporating piezoelectric, electro- 
optic, magneto-optic, photo-afcoustic or electro-acoustic materials allow the 
tuning of polarization state and/or wavelength of transmitted, reflected and/or 
diffracted light. 

14. A device described in claim 1 whose functionality is enhanced by 
incorporation of a tunnel junction (Josephson, semiconductor, Schottky, 
metal/oxide/semiconductor) within or between chiral elements. 
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15. A device described in claim 1 that incorporates Josephson tunnel junctions 
between superconducting materials for use as polarization sensitive photon or 
single photon detectors. 

16. A device such as a pn-junction or other photo detector incorporating any 
structure described in claim 1 to modify the polarization state, direction and/or 
wavelength detected. 

1 7. A device such as a pn-junction or other photo emitter incorporating any 
structure described in claims 1 to modify the polarization state, direction 
and/or wavelength emitted. 

1 8. A device that makes use of arrays of devices described in claims 16 and 17, 
that might include focal plane polarization imagers, spectrometers and variable 
light sources. 

1 9. A device described in claims 1 that can promote or inhibit chemical reactions 
for a given chirality and/or activation energy. 

20. A device described in claim 19 where the chiral elements are formed from 
catalytic materials. 

21. A device described in claims 1 where the chiral elements are arranged such 
that diffracted beams converge or diverge to form a polarization and/or 
wavelength dependent hologrammatic image. 

22. A device described in 1 in which the chiral elements are formed by an 
elemental metal or any alloy of elemental metals or any combination of 
eiementai meuns or mioys o± cicniciiuii mciai^, ^± lumiwu ±±± MJ ^^ — - 
elemental metal or any alloy of elemental metals or any combination of 
elemental metals or alloys of elemental metals. 

23. A device described in 1 in which the chiral elements are formed of a dielectric 
or a semiconductor material, or by holes in a dielectric or a semiconductor 
material. 

24. Manufacturing process for a device described in any of the claims 1 to 23 in 
which some or all of the chiral elements consist of a metallic material or one 
or more chiral shaped holes in a layer of metallic material, and characterized 
in that the manufacturing process includes, but is not limited to, the following 
process steps: 

a. deposition of a conducting metal film directly onto the supporting 
material or substrate; 

b. deposition of a layer of photosensitive resin, polymer or resist onto the 
metal film; 

c. selective irradiation of part of the photosensitive resin, polymer or 
resist by the use of electromagnetic radiation or beams of ions or atoms 
or electrons; 

d. removal of either the irradiated or the un-irradiated part of the 
photosensitive resin, polymer or resist layer by exposing all or part of 
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the layer to a suitable chemical solvent that dissolves only the 

irradiated or the un-irradiated part of the photosensitive resin, polymer 

or resist layer to create a chirally patterned layer of photosensitive 

resin, polymer or resist; 
e. removal of the part of the metallic film left uncovered by the chirally 

patterned layer of photosensitive resin, polymer or resist by use of a 

milling or etching process; 
£ removal of the remaining chirally patterned layer of photosensitive 

resin, polymer or resist. 

25. Manufacturing process for a device described in any of the claims 1 to 23 in 
which some or all of the chirai elements consist of a metallic material or one 
or more chirai shaped holes in a layer of metallic material, and characterized 
in that the manufacturing process includes, but is not limited to, the following 
process steps: 

a. deposition of a layer of photosensitive resin, polymer or resist onto the 
supporting material or substrate; 

b. selective irradiation of part of the photosensitive resin, polymer or 
resist by the use of electromagnetic radiation or beams of ions or atoms 
or electrons; 

c. removal of either the irradiated or the un-irradiated part of the 
photosensitive resin, polymer or resist layer by exposing all or part of 
the layer to a suitable chemical solvent that dissolves only the 
irradiated or the un-irradiated part of the photosensitive resin, polymer 
or resist layer to create a chirally patterned layer of photosensitive 
resin, polymer or resist; 

d. deposition of a conducting metal film directly onto the chirally 
patterned layer of photosensitive resin, polymer or resist; 

e. removal of the metal on top of the remaining chirally patterned layer of 
photosensitive resin, polymer or resist by the use of a ' lift-off process 
where the metal on top of the chirally patterned layer of photosensitive 
resin, polymer or resist is removed by dissolving the chirally patterned 
layer of photosensitive resin, polymer or resist in a suitable chemical 
solvent, thereby causing the metal on top of it to diffuse away from the 
surface of the supporting layer. 

26. Manufacturing process for a device described in any of the claims 1 to 23 in 
which some or all of the chirai elements consist of a metallic material or one 
or more chirai shaped holes in a layer of metallic material, and characterized 
in that the manufacturing process includes, but is not limited to, the following 
process steps: 

a. deposition of a conducting metal film directly onto the supporting 
material or substrate; > 

b. deposition of a layer of photosensitive resin, polymer or resist onto the 
metal film; 

c. selective irradiation of part of the photosensitive resin, polymer or 
resist by the use of electromagnetic radiation or beams of ions or atoms 
or electrons; 

d. removal of either the irradiated or the un-irradiated part of the 
photosensitive resin, polymer or resist layer by exposing all or part of 
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the layer to a suitable chemical solvent that dissolves only the 
irradiated or the un-irradiated part of the photosensitive resin, polymer 
or resist layer to create a chirally patterned layer of photosensitive 
resin, polymer or resist; . 

e deposition by electroplatmg of additional conducting metal directly 
onto the parts of the metal film not covered by the chirally patterned 
layer of photosensitive resin, polymer or resist; 

f. removal of the remaining chirally patterned layer of photosensitive 
resin, polymer or resist; 

a removal of the part of the metallic film left covered by the clnrally 
patterned layer of photosensitive resin, polymer or resist by use of a 
milling or etching process. 

27 Manufacturing process for a device described in any of the claims 1 to 23 in 
which some or all of the chiral elements consist of a dielectric material or one 

or more chiral shaped noies in a layer oi uicic^i- ^ 7"T:; " . 

Si that the manufacturing process includes, but is not limited to, the following 

proposition of one or more layers of dielectric insulator directly onto the 
supporting material or substrate; . . , 

b. deposition of a layer of photosensitive resin, polymer or resist onto the 
layer of deposited dielectric; 

c selective irradiation of part of the photosensitive resin, polymer or 
resist by the use of electromagnetic radiation or beams of ions or atoms 

or electrons; *-+t, 
d removal of either the irradiated or the un-irradiated part of the 

photosensitive resin, polymer or resist layer by exposing all or part ot 
to~ layer t Q a suitable chemical solvent that dissolves only the 

. ~ ,. . . „ ; a:~*~a r,<,rt r>f the nhatosensitive resin, polymer 

lrraaiaiea or uic uu-uiauww%. ^~ * - 

or resist layer to create a chirally patterned layer of photosensitive 
resin, polymer or resist; 
e removal of the part of the dielectric film left uncovered by the chirally 
patterned layer of photosensitive resin, polymer or resist by use ot a 

milling or etching process; 
£ removal of the remaining chirally patterned layer of photosensitive 

resin, polymer or resist. 

^8 Va^^'^ process for a device described in any of the claims 1 to 23 in 
wnTchtme^ Si of the chiral elements consist of a semiconductor material or 

. . - - - i ,v^/i,^+Ar mfltpml Pino 

one or more chiral shaped noies in a myci oi — ~? 

characterized in that the manufacturing process includes, but is not limited to, 
the following process steps: . - 

* a. deposition of one or more layers of semiconductor directly onto the 

supporting material or substrate; . . . 

b. deposition of a layer of photosensitive resin, polymer or resist onto the 

layer of deposited semiconductor; 
c selective irradiation of part of the photosensitive resin, polymer or 

resist by the use of electromagnetic radiation or beams of ions or atoms 

or electrons; - 
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d. removal of either the irradiated or the un- irradiated part of the 
photosensitive resin, polymer or resist layer by exposing all or part of 
the layer to a suitable chemical solvent that dissolves only the 
irradiated or the un- irradiated part of the photosensitive resin, polymer 
or resist layer to create a chirally patterned layer of photosensitive 
resin, polymer or resist; 

e. removal of the part of the semiconductor layer left uncovered by the 
chirally patterned layer of photosensitive resin, polymer or resist by 
use of a milling or etching process; 

f. removal of the remaining chirally patterned layer of photosensitive 
resin, polymer or resist. 

29. Manufacturing process for a device described in any of the claims 1 to 23 in 
which some or all of the chiral elements consist of a semiconductor material or 
one or more chiral shaped holes in a layer of semiconductor material, and 
characterized in that the manufacturing pf ocess includes, but is not limited to, 
the following process steps: 

a. deposition of one or more layers of dielectric insulator directly onto the 
supporting material or substrate; 

b. deposition of a layer of photosensitive resin, polymer or resist onto the 
layer of deposited dielectric; 

c. selective irradiation of part of the photosensitive resin, polymer or 
resist by the use of electromagnetic radiation or beams of ions or atoms 
or electrons; 

d. removal of either the irradiated or the un- irradiated part of the 
photosensitive resin, polymer or resist layer by exposing all or part of 
the layer to a suitable chemical solvent that dissolves only the 
irradiated or the un-irradiated part of the photosensitive resin, polymer 
or resist layer to create a chirally patterned layer of photosensitive 
resin, polymer or resist; 

e. removal of the part of the dielectric film left uncovered by the chirally 
patterned layer of photosensitive resin, polymer or resist by use of a 
milling or etching process; 

f. removal of the remaining chirally patterned layer of photosensitive 
resin, polymer or resist. 

g. selective deposition of one or more layers of semiconductor directly 
onto the parts of the supporting material or substrate not covered by 
chirally patterned dielectric. 

30. Manufacturing process described in claims 28 and 29 characterized in that the 
deposition of the semiconductor material is by an epitaxial growth process. 

3 1 . Manufacturing process described in claims 28 and 29 characterized in that- the 
deposition of the semiconductor material is by an non-epitaxial growth process 
such that the deposited semiconductor layer is polycrystalline or amorphous. 

32. Manufacturing process described in claim 30 characterized in that the epitaxial 
growth process consists of, but is not limited to, the one or more of the 
following process steps: 
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a epitaxial growth of a doped or undoped semiconducting material onto a 
crystalline substrate or previously grown epitaxial layer of the same 
semiconductor material (homo-epitaxy); 

b epitaxial erowth of a doped or undoped semiconducting ; material onto a 
crystalline substrate or previously grown epitaxial of a different 
semiconductor material (hetero-epitaxy) to form a heterojunction: 

c epitaxial growth of a doped or undoped semiconducting material onio a 
crystalline substrateor previously grown epitaxial layer of the same 
material or different material, and of a different doping concentration 

d enitSial growth of a doped semiconducting material onto a crystalline 
' substrate or previously grown epitaxial layer of the same material or 
different material, and of a different doping type to form a pn-junction; 

e epitaxial growth of layers of doped and undoped semiconducting 
" material onto a crystalline substrate or previously grown epitaxial layer 
of the same material or amerera material, auu — ~ — r— re- 
type to form a pin-junction; 

f selective epitaxial growth of an epitaxial semiconducting matenal with 
or without doping impurities onto a crystalline substrate or previously 
grown epitaxial layer of the same material (homo-epitaxy) and/or 
doping type or concentration, or of a different material (hetero-epitaxy) 
that has been masked with a patterned and where the epitaxial growth 
only occurs on the parts of the substrate where the masking layer is 
absent or has been removed prior to growth. 

33 Manufacturing process for a device described in any of the claims 1 to 23 
ch^erized in that it includes the deposition of an electrically insulating 
layer or dielectric layer or piezoelectric layer or ferromagnetic layer « or 
ferroelectric layer oeiow ui «xw vw wx — -> — 
shaped elements. 

34. Manufacturing process described in any of the claims 24 and 26 to 29 
characterized in that it includes, but is not limited to, one or more of the 

following etching stages: . . , 

a removal of metallic or semiconductor or dielectric material using 

solutions containing acids or alkalis or oxidizing reagents, 
b. removal of metallic or semiconductor or dielectric material using 

ionized plasmas; . . , . „ . „ 

c removal of metallic or semiconductor or dielectric material using ion 

beam milling where tne material to oc icmuvw *s ; 

beam of atoms or ions or molecules. 

35 Manufacturing process for a device described in any of the claims 1 to 23 
characterized hJ 'that it includes, but is not limited to, one or more of the 

foU HSS contacts to chiral shaped semiconductor elements; 
b. formation of optically transparent ohmic contacts to chiral shaped 



c. 



semiconductor elements; ^^^At> 
formation of optically transparent ohmic contacts of mdmm/tin oxide 
to chiral shaped semiconductor elements. 
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46. Manufacturing process described in any of the claims 36 to 43 in which the 
cleaning stage involves the use of ion beam bombardment of the surface or the 
expo sure of the surface to ionic plasmas. 

47. Manufacturing process described in any of the claims 36 to 43 in which the 
cleaning stage involves the use of a plasma generated by the excitation of 
oxygen molecules using a radio frequency (r.f.) electromagnetic field. 

48. Manufacturing process described in any of the claims 24 to 33 characterized in 
that the electrically conducting metallic layer is ferromagnetic, ferroelectric, 
piezoelectric or superconducting. 

49. Manufacturing process described in any of the claims 24 to 29 characterized in 
that the irradiation of the photosensitive resin, polymer or resist layer is 
performed by exposing the said layer to either a beam of electromagnetic 
radiation of any wavelength less than 8000 nm, or by bombardment by a beam 
of ions or atoms or electrons. 

50. Manufacturing process described in claim 49 and characterized in that that the 
beam of electromagnetic radiation or ions or atoms or electrons is focused 
onto the substrate to form a sharp point at the surface of the photosensitive 
resin, polymer or resist layer. 

51. Manufacturing process described in claim 50 and characterized in that that the 
beam of electromagnetic radiation or ions or atoms or electrons is deflected to 
different points on the surface of the photosensitive resin, polymer or resist 
layer thereby exposing only selected areas. 

52. Manufacturing process described in claim 49 and characterized in that that the 
beam of electromagnetic radiation or ions or atoms or electrons is incident on 
the surface of the photosensitive resin, polymer or resist layer only where it 
has passed through the transparent regions of a mask thereby exposing only 
selected areas. 

53. Manufacturing process for a device described in any of the claims 1 to 23 
characterized in that it includes, but is not limited to, one or more of the 
following process stages in any order: 

a. cleaning of the supporting material or substrate: 

b. deposition of a conducting metal film; 

c. deposition of epitaxial or polycrystalline or amorphous semiconductor 
layers; 

d. deposition of dielectric layers; 

e. deposition onto the supporting material or substrate or the deposited 
metal film, a layer of photosensitive resin, polymer or resist by thermal 
evaporation of a metal or metal alloy in vacuum, or by a sputtering 
technique, or by electroplating; 

f. irradiation of part of the photosensitive resin, polymer or resist by the 
use of electromagnetic radiation such as visible light, ultraviolet light, 
infra-red light, microwaves, X-rays or gamma rays through a mask; 
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irradiation of part of the photosensitive resin, polymer or resist by the 
use of particle radiation such as beams of energetic electrons, protons, 
neutrons, atoms, molecules or other particles of matter; 
selective removal or development of the exposed or unexposed areas of 
the photosensitive resin, polymer or resist layer oy dissolving the 
photosensitive resin, polymer or resist in a solvent or liquid to form a 
patterned masking layer in which shapes of a chirai nature are iOixuCv*; 
i. patterning of a layer resin, polymer or resist using a printing, 

imprinting or embossing technique; 
j the removal of the unmasked metal material; 
k the removal of the remaining photosensitive resist or resin; 
1 ' deposition of a conducting metal film onto the chirally patterned 
' photosensitive resin, polymer or resist layer followed by the removal 
of the remaining photosensitive resist or resin by dissolving in a 
solvent (the lift-off process) to leave only the metal m the holes in the 

photosensitive resisi ux team m ^u.uv. — - 

m growth of insulating layers on a semiconductor support or substrate by 
' high temperature oxidation in an atmosphere containing oxygen and/or 
water; 

n deposition of crystalline or polycrystalline or amorphous 

semiconducting films by a chemical reaction vapour deposition 
technique; 
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A is a device described in claim 1 

Incident light (B) has its polarisation state changed when transmitted (C) reflected (D) or 
diffracted (E). The polarisation state and intensity at (C),(D) and (E) is dependent on the 
wavelength, polarization state and intensity at (B) and nature of A 



2) 





If device A and its mirror image (B) are presented to the same incident light (C). The 
polarisation state and intensity at (D) is different. That is to say, the device acts in a non- 
reciprocal fashion 
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Device A acts a polariser to change the polarisation state of incident light (B) to prepare 
light for a device that discriminates according to the polarization state and acts a non- 
reciprocal frequency and polarization sensitive screen, reflector or absorber of light. I he 
device may act on transmitted (I), reflected (TI) or diffracted (Til) light. 




A device A with which light is coupled (B) or de-coupled (C) via an optical wave-guide (I), 
fibre (II) or near-field probe (III). 
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The material the makes up the chiral elements of the device described in 1 (A), or the 
supporting (B) or surrounding materials (B)(C) can also be chiral giving rise to enhanced 
functionality similar to those described in (1). 



6) 
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_m rrn rT ~ 1 



The material the makes up the chiral elements of the device described in 1 (A), or the 

rv>\ ~- CT ,^ir,H;r,o materials fRVO can contain carriers (plasmons, electrons, 

excitons, polaritons. . .) giving rise to enhanced functionalities similar to those described in 
(1-3). 
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7) 




Device (A) can lead to different colours being observed when transmitted (B) or reflected (C) 
Light is viewed through a polarizing element 



8) 




Specia. arrangements of chiral eiements in .^^tltm 



nature of A. 
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propagation (E). 
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(A, can act in non-reciprocal fashicn tc transmit wanted light (B) 
^ni^on of unwanted light (C) front optical eommnntcanon .me, w - — wJ 
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when an incident beam (B) is reflected (I) or transmitted (II). 
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(M) 

Device (A) incorporated into a photonic bandgap :«^^2S^i3^ 
fibre (II) or placed on a planar structure OH). Incident light (B) can be redirec . 
its polarization state changed (C). 
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and wavelength dependence. 
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C \ 



. . _ . ^ n f W.irfent lieht (B) that reaches the F hoicdete.ctor (C) 

Device (A) enecis me wm^nv..- 
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Device (A) effects the s; 



;p ectral distribution ana polarization of emitted light (B) 
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00 



all chiral elements can be created simultaneously. 
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Cross-sectional view of the manufacturing process in chums 24 27 and 2i J where A is 
UUM . „ , *ju _ j — n^iVnnHnptnr nr dielectric, c is ine 

are exposed bv the beam of electromagnetic radiation or icnsor atoms or electrons i- is me 
are expoi>cu uv = i, rmOT „ r rP *Wt that is now patterned with a chiral 

resulting layer of photosensitive resin, polymer or resist tnat is now pa . , . 

is L chiraUy — - S^, 

left after the unwanted metal or semiconaucioi o, ul e— — s ~ c ~ 
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Cross-sectional view of the manufacturing process in claim 25 where A is the substrate 
material, B is the layer of photosensitive resin, polymer or resist, C is the beam of 
electromagnetic radiation or ions or atoms or electrons, D is the area or areas of 

. . - . .1 ,i 1~<- +V.o K»om /-»f <»l(»i-.trrvma2netlC 

pho+osensitive resin, polymer or resist that arc c A po s eu »j ^ . . ° . 

^^an nr ;™<= ^ atoms or electrons. E is the resulting layer of photosensitive resin, 
Polymer or resist that is now patterned with a chiral pattern, F is the layer of deposited metal 
or semiconductor or dielectric, and G is the chirally patterned layer of metal or semiconductor 
or dielectric that is left after the.remaining photosensitive resin, polymer or resist is dissolved 
away in a lift-off process that removes the unwanted metal or semiconductor or dielectric 
material that is on top of the photosensitive resin, polymer or resist. 
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Cross-sectional view of the manufacturing process ^^A.^^ ^ 
material, B is the layer of deposited rneuu ^ ^^resist that are exposed by the 
resist, D is the area or areas of P**»?^^ £Xu-ons E is the beam of 
steam of electromagnetic radiation or ions or atoms °. el f -;^e "sultins layer of 
electromagnetic radiation or ions or atoms - e~ F - G is the 

photosensitive resin, polymer or resist ^^^pTsed" yer of initial metal, and H is 
metal that is deposited by electroplating only on the ™P™*«JJ hag be£n etched or 

the chirally patterned layer of metal mat is left a** J* - 

milled away. 
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Cross-sectional view of the manufacturing process in claim 29 where A is the semiconductor 
substrate material, B is the layer of dielectric that has been deposited or grown by oxidation, 
C is the layer of photosensitive resin, polymer or resist, D is the beam of electromagnetic 
radiation or ions or atoms or electrons, E is the area or areas of photosensitive resin, polymer 

r\r -rv^cict that 

are exnosed bv the beam of electromagnetic radiation or ions or atoms or 
electrons, F is the resulting layer of photosensitive resin, polymer or resist that is now 
patterned with a chiral pattern, G is the chirally patterned layer of dielectric that is left after 
the unwanted dielectric has been etched or milled away, and H is the region selectively grown 
epitaxial crystalline semiconductor that is grown on the exposed regions of semiconductor 
substrate to form chiral semiconductor elements. 
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